PATENT ABSTRACTS OF JAPAN 



(1 DPublication number : 2001-284722 
(43)Date of publication of application : 12.10.2001 



(51)Int.CI. 



H01S 5/183 



(21 Application number : 2000-091802 
(22)Date of filing : 29.03.2000 



(71 Applicant : SEIKO EPSON CORP 
(72)Inventor : KONDO TAKAYUKI 



(54) SURFACE-EMITTING SEMICONDUCTOR LASER AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a surface-emitting ^ 

semiconductor laser that- oscillates in a single horizontal mode, and 

can obtain a high-output laser beam, and. its manufacturing method. 
SOLUTION: A surface-emitting semiconductor laser 100 includes a 
resonator 120. The resonator 120 is formed by laminating a lower 
mirror 102, an active layer 103, and an upper mirror 117. The upper 
mirror 1 17 includes first and second mirror parts 1 14 and 108. In a . 
reflection factor adjustment layer 104, a part that is included in the 
first mirror 1 1 4 has film thickness for meeting Bragg reflection 
^conditions, a part that is included in the second mirror 108 has film 
thickness for meeting anti-Bragg reflection conditions, and the 
reflection factor of the first mirror 1 1 4 is larger than that of the 
second mirror 108. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the field luminescence mold semiconductor laser to which a resonator is perpendicularly formed on 
a semi-conductor substrate, and carries out outgoing radiation of the laser beam in the direction vertical to this 
semi-conductor substrate from this resonator. The thin film deposition object of the shape of a column which 
contains said some of resonators at least is included. Said resonator The laminating of a lower mirror, a barrier 
layer, and the up mirror is carried out, and they are formed. Said up mirror The 1st mirror section formed in the 
center section of the thin film deposition object of the shape of said column, the 2nd mirror section formed in the 
periphery of this 1st mirror section, and a reflection factor adjustment layer are included. Said reflection factor 
adjustment layer It has the thickness with which the part contained in said 1st mirror section fills Bragg reflection 
conditions, and has the thickness with which the part contained in said 2nd mirror section fills anti-Bragg 
reflection conditions, and said 1st mirror section is field luminescence mold semiconductor laser with a larger 
reflection factor than said 2nd mirror section. 

[Claim 2] Field luminescence mold semiconductor laser in which said thin film deposition object contains a semi- 
conductor layer at least in claim 1 . 

[Claim 3] Field luminescence mold semiconductor laser with which a crevice is formed in the top face of said 
reflection factor adjustment layer, and the thickness of said reflection factor adjustment layer in this crevice fills 
Bragg reflection conditions in claims 1 or 2. 

[Claim 4] It is the field luminescence mold semiconductor laser which continues applying said reflection factor 
adjustment layer to said 2nd mirror section from said 1 st mirror section in either of claims 1-3. 
[Claim 5] It is the field luminescence mold semiconductor laser whose part contained in said 2nd mirror section it 
is about 1 of wavelength of standing wave by which part by which said reflection factor adjustment layer is 
contained in said Ist'mirror section in either of claims 1-4 is formed in said resonator/4, and is about 1 of 
wavelength of standing wave formed in said resonator/2. 

[Claim 6] It is the field luminescence mold semiconductor laser by which said reflection factor adjustment layer is 

formed in the maximum upper layer of said up mirror in either of claims 1-5.. 

[Claim 7] It is the field luminescence mold semiconductor laser by which said reflection factor adjustment layer is 
formed in the medium of said up mirror in either of claims 1-6. 

[Claim 8] It is the field luminescence mold semiconductor laser to which a resonator is perpendicularly formed on 
a semi-conductor substrate, and carries out outgoing radiation of the laser beam in the direction vertical to this 
semi-conductor substrate from this resonator. The thin film deposition object of the shape of a column which 
contains said some of resonators at least is included. Said resonator The laminating of a lower mirror, a barrier 
layer, and the up mirror is carried out, and they are formed. Said up mirror The 1 st mirror section formed in the 
center section of the thin film deposition object of the shape of said column and the 2nd mirror section formed in 
the periphery of this 1st mirror section are included. Said 1st mirror section and said 2nd mirror section The 
laminating of two sorts of thin films with which refractive indexes differ is carried out by turns, and they are 
formed: The thin film of these two kinds It has the thickness which^lfills Bragg reflection^ conditions- ■ respectrvely: : 
The thickness of said 1st mirror section the field luminescence mold semiconductor laser by which replacement 
**** formation of said 2nd mirror section is carried out at the layer which has the thickness with which only the 
die length which fulfills Bragg reflection conditions is small as compared with the thickness of said 2nd mirror 
section, and at least one of said two sorts of thin films fills anti-Bragg reflection conditions. 
[Claim 9] Field luminescence mold semiconductor laser which said two sorts of thin films become [ said thin film 
deposition object ] from a semi-conductor layer in claim 8 including a semi-conductor layer. 
[Claim 10] Field luminescence mold semiconductor laser this whose thickness of a layer that has the thickness 
which fulfills said anti-Bragg reflection conditions this thickness of a layer that has the thickness which fulfills 
said Bragg reflection conditions in claims 8 or 9 is about 1 of wavelength of standing wave formed in said 
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resonator/4, and is about 1 of wavelength of standing wave formed in said resonator/2. 

[Claim 11] It is the field luminescence mold semiconductor laser in which said 2nd mirror section contains a 

current constriction layer in claims 1-10. 

[Claim 12] Setting to claim 1 1, the path of said crevice is field luminescence mold semiconductor laser smaller 
than the bore of said current constriction layer. 

[Claim 13] Said up mirror is the field luminescence mold semiconductor laser containing the dielectric layer which 
consists of two sorts of layers from which a refractive index differs in either of claims 1-12. 
[Claim 14] Field luminescence mold semiconductor laser in which a layer with the lower refractive index, among 
two sorts of layers which constitute said dielectric layer is formed in in claim 13 from silicon oxide, magnesium 
fluoride, barium fluoride, a calcium fluoride, lithium fluoride, and the ingredient chosen from a sodium fluoride, and 
a layer with a higher refractive index is formed from tantalum oxide, titanium oxide, a zirconium dioxide, an 
amorphous silicon, zinc sulfide, and the ingredient chosen from cerium oxide. 

[Claim 15] Said two sorts of thin films which constitute said 1st mirror section and said 2nd mirror section in 
either of claims 1-14 are field luminescence mold semiconductor laser which consists of a semiconductor material 
which consisted of elements chosen from aluminum, a gallium, arsenic, an indium, Lynn, and nitrogen. 
[Claim 16] The manufacture approach of the field luminescence mold semiconductor laser containing following 
process (a) - (c). 

(a) After forming a lower mirror and a barrier layer in the front face of said semi-conductor substrate, In case the 
laminating of two sorts of thin films with which it has the thickness with which each fills Bragg reflection 
conditions, and refractive indexes differ is carried out by turns on said barrier layer By transposing to the 
reflection factor adjustment layer which has the thickness which fulfills anti-Bragg reflection conditions for at 
least one layer in said thin film which carried out the laminating, and forming This semi-conductor deposit is 
etched from the front face of the process which forms a semi-conductor deposit, and the (b) aforementioned 
semi-conductor deposit to the middle of said reflection factor adjustment layer. The 1st mirror section containing 
the part which fulfills Bragg reflection conditions among said reflection factor adjustment layers, The process 
which is formed in the periphery of this 1st mirror section, and forms the up mirror containing the 2nd mirror 
section containing the part which fulfills anti-Bragg reflection conditions among said reflection factor adjustment 
layers, and the process which etches the periphery section of the (c) aforementioned semi-conductor deposit, 
and forms a column-like thin film deposition object. 

[Claim 17] The manufacture approach of field luminescence mold semiconductor laser that said two sorts of thin 
films consist [ said thin film deposition object ] of semi-conductor layers in said process (a) in claim 1 6 including 
a semi-conductor layer. 

[Claim 18] It is the manufacture approach of field luminescence mold semiconductor laser including the process 
at Which said process (a) forms a dielectric layer all over said semi-conductor, deposit in^claims =lB.-orJ7.,. — 
[Claim 19] The manufacture approach of the field luminescence mold semiconductor laser which, includes the/ 
process which forms a dielectric layer in the top face of said up mirror in either of claims 16-18 following on said 
process (c). 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the field luminescence mold semiconductor laser which 
carries out outgoing radiation of the laser beam vertically to a semi-conductor substrate, and its 
manufacture approach. 
[0002] 

[Background of the Invention] Field luminescence mold semiconductor laser is semiconductor laser 
which carries out outgoing radiation of the laser beam vertically to a semi-conductor substrate, and the 
resonator is perpendicularly formed on the semi-conductor substrate. After this resonator oscillates a 
laser beam, outgoing radiation of it is carried out, the laminating of a reflecting layer, a barrier layer, and 
the reflecting layer is carried out to order, and it is constituted. 

[0003] As one of the descriptions which was excellent in field luminescence mold semiconductor laser, it 
is mentioned compared with end-face laser that a laser radiation angle is isotropic and small. For this 
reason, as for field luminescence mold semiconductor laser, the application as the light source is 
expected in optic fiber communication, optical juxtaposition information processing, etc. 
[0004] If the transfer loss which is one of the descriptions of an optical fiber is taken into consideration 
especially in case field luminescence mold semiconductor laser is used for optic fiber communication, for 
example, it will be required that a high output should be obtained by the single transverse mode with 
more sufficient joint effectiveness. However, since field luminescence mold semiconductor laser has the 
structure for pouring in a current from the perimeter of a resonator, it is difficult for it to oscillate by 
the single transverse mode and to obtain the laser beam of a high output. Especially, in field 
luminescence mold semiconductor laser, while a laser radiation angle becomes large as an output 
becomes large, the phenomenon in which the laser radiation pattern which two or more peaks on the 
strength are discovered, consequently has a complicated configuration appears is often observed. This 
phenomenon is called multi-transverse-mode oscillation. When this multi-transverse-mode oscillation 
arose, even if the joint effectiveness with a lens etc. got worse owing to a laser radiation angle 
spreading or it carried out image formation using the lens, light might be unable to be condensed to one 
point. 
[0005] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the field luminescence 
mold semiconductor laser which oscillates by the single transverse mode and can obtain the laser beam 
of a high output, and its prqcess approach. . _, : ;-,.v;- 

[0006] 

[Means for Solving the Problem] (A) The field luminescence mold semiconductor laser concerning this 
invention It is the field luminescence mold semiconductor laser to which a resonator is perpendicularly 
formed on a semi-conductor substrate, and carries out outgoing radiation of the laser beam in the 
direction vertical to this semi-conductor substrate from this resonator. The thin film deposition object 
of the shape of a column which contains said some of resonators at least is included. Said resonator 
The laminating of a lower mirror, a barrier layer, and the up mirror is carried out, and they are formed. 
Said up mirror The 1st mirror section formed in the center section of the thin film deposition object of 
the shape, of said column, the 2nd mirror section formed in the periphery of this- 1st; mirror section . and 
a reflection factor adjustment layer are included. Said reflection factor adjustment layer It has the 
thickness with which the part contained in said 1st mirror section fills Bragg reflection conditions, and 
has the thickness with which the part contained in said 2nd mirror section fills anti-Bragg reflection 
conditions, and said 1st mirror section is characterized by a reflection factor being larger than said 2nd 
mirror section. 

[0007] The thickness which fulfills the Bragg reflection conditions said to this invention means the 
thickness da which fills the following formula (1), when wavelength of the standing wave which exists in a 
resonator is set to lambda. The so-called Bragg reflection mirror is constituted by carrying out the 
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laminating of the layer of this thickness. 

da = (2n-1) lambda/4 (n is one or more integers) Formula (1) 

Moreover, the thickness which fulfills the anti-Bragg reflection conditions said to this invention means 
the thickness d2 which fills the following formula (2), when wavelength of the standing wave which exists 
in a resonator is set to lambda. 

db = nlambda/2 (n is one or more integers) Formula (2) 

According to the field luminescence mold semiconductor laser of this invention, since the difference of 
the reflection factor of the laser beam in the 1st mirror section and the reflection factor of the laser 
beam in the 2nd mirror section can be enlarged, it oscillates by the single transverse mode, and the 
laser beam of high power can be obtained. In detail, it explains in full detail in the column of the gestalt 
of operation of this invention. 

[0008] (1) - (6) can be illustrated as a desirable mode of said field luminescence mold semiconductor 
laser. 

[0009] (1) Said thin film deposition object can contain a semi-conductor layer at least. That is, the thin 
film deposition object concerned is constituted by the crosswise lamination object of one sort of semi- 
conductor layers, and one sort of dielectric layers with which refractive indexes differ mutually, and two 
sorts of semi-conductor layers from which a refractive index differs mutually preferably especially 
including at least one sort of semi-conductor layers. 

[0010] (2) A crevice is formed in the top face of said reflection factor adjustment layer, and the 
thickness of said reflection factor adjustment layer in this crevice can fulfill Bragg reflection conditions. 
[0011] (3) Said reflection factor adjustment layer can apply and follow said 2nd mirror section from said 
1st mirror section. 

[0012] According to the above-mentioned configuration, the effectiveness mentioned above can be 
acquired. 

[0013] (4) about [ of the wavelength of the standing wave formed in said resonator in the part contained 
in said 1st mirror section in said reflection factor adjustment layer ] — about [ of the wavelength of the 
standing wave formed in said resonator in the part which sets to one fourth and is contained in said 2nd 
mirror section ] — it can be referred to as one half. 

[0014] (5) Said reflection factor adjustment layer can be formed in the maximum upper layer of said up 
mirror. 

[0015] (6) Said reflection factor adjustment layer cap be formed jn^ 

[001 6] (B) Moreover, the field/luminescence, mold serhicbndubtor laser concerning ^ this invention It is the 
field luminescence mold semiconductor laser to which a resonator is perpendicularly formed on a semi- 
conductor substrate, and carries out outgoing radiation of the laser beam in the direction vertical to this 
semi-conductor substrate from this resonator. The thin film deposition object of the shape of a column 
which contains said some of resonators at least is included. Said resonator The laminating of a lower 
mirror, a barrier layer, and the up mirror is carried out, and they are formed. Said up mirror The 1st 
mirror section formed in the center section of the thin film deposition object of the shape of said 
column and the 2nd mirror section formed in the periphery of this 1st mirror section are included. Said 
1st mirror section and said 2nd mirror section The laminating of two sorts of thin films with which 
■ - refractive indexes differ is carried out, by turns, . and-they^arerfprm.ed^ The thin -film„of, these .two kinds It 
has the thickness which fulfills Bragg reflection conditions, respectively. The thickness of said 1st mirror 
section as compared with the thickness of said 2nd mirror section, only the die length which fulfills 
Bragg reflection conditions is small, and replacement **** formation of said 2nd mirror section is carried 
out at the layer in which at least one of said two sorts of thin films has the thickness which fulfills anti- 
Bragg reflection conditions. 

[0017] In this case, it is desirable for said two sorts of thin films to consist [ said thin film deposition 
object ] of semi-conductor layers including a semi-conductor layer. 

[0018] about [ moreover, / of the wavelength of the standing wave formed in said resonator in this 
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thickness of a layer that has the thickness which fulfills said Bragg reflection conditions in this case ] — 
about [ of the wavelength of the standing wave formed in said resonator in this thickness of a layer that 
has the thickness which sets to one fourth and fulfills said anti-Bragg reflection conditions ] — it can 
be referred to as one half. 

[0019] According to said field luminescence mold semiconductor laser, the same effectiveness as the 
field luminescence mold semiconductor laser mentioned above can be acquired. 

[0020] (C) What is shown below can be illustrated as a more desirable mode of said field luminescence 
mold semiconductor laser. 

[0021] (1) As for said 2nd mirror section, it is desirable to include a current constriction layer. According 
to this configuration, a laser beam can be stored inside the bore of a current constriction layer. 
[0022] Generally, in the field luminescence mold semiconductor laser containing a current constriction 
layer, in order to aim at improvement in laser reinforcement, it is necessary to enlarge the bore of a 
current constriction layer. However, since many laser beams outside the center section of a resonator 
oscillated by the multi-transverse mode exist, if the bore of a current constriction layer is enlarged, the 
laser beam oscillated by the multi-transverse mode will become is easy to be guided. Then, the laser 
beam which is made to oscillate most laser beams oscillated by the single transverse mode in the 1st 
mirror section/and is oscillated by the multi-transverse mode is oscillated in the 2nd mirror section by 
making the path of said 1st mirror section smaller than the bore of a current constriction layer. In the 
field luminescence mold semiconductor laser concerning this invention, since the reflection factor is 
larger than the 2nd mirror section, the laser beam oscillated by the single transverse mode which exists 
in the 1st mirror section oscillates more 1st mirror sections. Consequently, the oscillation of the laser 
beam in the multi-transverse mode can be controlled. 

[0023] (2) Said up mirror can contain the dielectric layer which consists of two sorts of layers from 
which a refractive index differs. According to this configuration, since the difference of the reflection 
factor of said 1st mirror section and said 2nd mirror section can be enlarged, the oscillation of the laser 
beam in the multi-transverse mode can be controlled further. 

[0024] In this case, it is desirable to form a layer with the lower refractive index among two sorts of 
layers which constitute said dielectric layer from silicon oxide, magnesium fluoride, barium fluoride, a 
calcium fluoride, lithium fluoride, and the ingredient chosen from a sodium fluoride, and to form a layer 
with a higher refractive index from tantalum oxide, titanium oxide, a zirconium dioxide, an amorphous 
silicon, zinc sulfide, and the ingredient chosen from cerium oxide. 

[0025] (3) As for said two sorts of thin films which constitute said 1st mirror section and said 2nd mirror 
section, it is desirable to consist of a semiconductor material which consisted of aluminum, a gallium, 
arsenic, an indium, Lynn, and an element chosen from nitrogen. 

[0026] (D) The manufacture approach of the field luminescence mold semiconductor laser concerning 
this invention contains following process (a) - (c). 

[0027] (a) After forming a lower mirror and a barrier layer in the front face of said semi-conductor 
substrate, In case the laminating of two sorts of thin films with which it has the thickness with which 
each fills Bragg reflection conditions, and refractive indexes differ is carried out by turns on said barrier 
layer By transposing to the reflection factor adjustment layer which has the thickness which fulfills anti- 
Bragg reflection conditions for at least one* layer in said thin film which carried out* the Jaminating,~and 
forming This semi-conductor deposit is etched from the front face of the process which forms a semi- 
conductor deposit, and the (b) aforementioned semi-conductor deposit to the middle of said reflection 
factor adjustment layer. The 1st mirror section containing the part which fulfills Bragg reflection 
conditions among said reflection factor adjustment layers, The process which is formed in the periphery 
of this 1st mirror section, and forms the up mirror containing the 2nd mirror section containing the part 
which fulfills anti-Bragg reflection conditions among said reflection factor adjustment layers, and the 
process which etches the periphery section of the (c) aforementioned semi-conductor deposit, and 
forms a column-like thin film deposition object. 



-6- 



[0028] According to this process, since the control in the case of etching is easier, the margin at the 
time of being manufacture can be enlarged. Thereby, the manufacturing cost of a surface emission-type 
laser can be reduced, consequently cheaper field luminescence laser can be obtained. In detail, it 
explains in full detail in the column of the gestalt of operation of this invention. 

[0029] In this case, in said process (a), it is desirable for said two sorts of thin films to consist [ said 
thin film deposition object ] of semi-conductor layers including a semi-conductor layer. 
[0030] Moreover, said process (a) can include the process whjch forms a dielectric layer all over said 
semi-conductor deposit in this case. 

[0031] Or the process which forms a dielectric layer in the top face of said up mirror in this case 

following on said process (c) can be included. 

[0032] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained, 

referring to a drawing. 

[0033] (Gestalt of the 1st operation) 

(Manufacture process of a device) The manufacture approach of the field luminescence mold 
semiconductor laser 100 (henceforth a "surface emission-type laser") concerning the gestalt of 
operation of the 1st of this invention is first explained using drawing 3 -7. Drawing 3 -7 are the sectional 
view showing typically the process of the manufacture approach of the surface emission-type laser 100 
concerning the gestalt of this operation. 

[0034] The manufacture approach of the surface emission-type laser 100 concerning the gestalt of this 
operation mainly consists of following process (a) - (c). After a process (a) forms the lower mirror 102 
and a barrier layer 103 in the front face of the semi-conductor substrate 101, In case the laminating of 
two sorts of thin films (the 1st semi-conductor layer 117 ax, the 2nd semi-conductor layer 117 ay) with 
which it has the thickness which fulfills Bragg reflection conditions, and refractive indexes differ is 
carried out by turns on a barrier layer 1 03 It is the process which forms semi-conductor deposit 1 1 7a 
by transposing to reflection factor adjustment layer 104a which has the thickness which fulfills anti- 
Bragg reflection conditions for at least one layer in said thin film which carried out the laminating, and 
forming in it. A process (b) is a process which forms the part which etches semi-conductor deposit 117a 
from the front face of semi-conductor deposit 1 17a to the middle of reflection factor adjustment layer 
104a, and fulfills Bragg reflection conditions in the reflection factor adjustment layer 104, and the part 
which fulfills anti-Bragg reflection conditions. A process (c) is a process which etches the periphery 
section of the semi-conductor deposit 150, and forms the pillar-shaped section 110. ; 
[0035] The up mirror containing the 1st mirror section 114 which contains the part which fulfills Bragg 
reflection conditions among the reflection factor adjustment layers 104 according to the above process, 
and the 2nd mirror section 108 containing the part which isformed in the periphery of the 1st mirror 
section 114, and fulfills anti-Bragg reflection conditions among the reflection factor adjustment layers 
104 is formed, and the surface emission-type laser 100 shown in drawing 1 is obtained. 
[0036] First, a process (a) is explained. 

[0037] (a) Form the deposit 150 shown in drawing 3 by carrying out epitaxial growth, making the front 
face of the semi-conductor substrate 101 which consists of an n mold GaAs modulate a presentation. 
. The buffer layer which consists of, an n mold GaAs in a deposit 150 here, (not. shown), -The distribution 
reflective mold multilayer mirror of 30 pairs which carried out the laminating of n mold 
aluminumO.2GaO.8As and the n mold aluminum0.9Ga0.1 As by turns 102, n mold cladding layer which 
consists of n mold aluminum0.5Ga0.5As (not shown), (It is hereafter called a "lower mirror") It consists 
of a barrier layer of a layer and aluminumO.3GaO.7As with a thickness of 4nm. GaAs with a thickness of 
4nm — a well — this — a well — p mold cladding layer (not shown) which a layer turns into from barrier 
layer 103a of the quantum well structure which consists of three layers, and aluminumO.5GaO.5As — 
layer 107for current constriction formation a which consists of a p mold AlAs, and the 1st — semi- 
conductor layer 117ax and the 2nd — semi-conductor deposit 117a containing semi-conductor layer 
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117ay and reflection factor adjustment layer 104a (it mentions later) — And the contact layer (not 
shown) which consists' of a p mold 'GaAs is said, the laminating of these layers is carried out to order on 
the semi-conductor substrate 101* and a deposit 150 is formed. In addition, although layer 107a for 
current constriction formation has been arranged under semi-conductor deposit 1 17a here; layer 107a 
for current constriction formation may be formed in the middle of semi-conductor deposit 1 17a. 
Moreover, the near field in which* the front face of the semi-conductor substrate 101 forms a resonator 
120 at a next process in the semi-conductor substrate 101 is said. ' 
[0038] The cross-section structure of semi-conductor deposit 117a is shown in drawing 4 . Drawing 4 . is 
the expanded 'sectional view of the semi-conductor deposit 117a part shown in drawing 3 . the 1st which 
semi-conductor deposit 117a becomes from a p mold aluminum0l2Ga0.8As layer as shown in drawing 4 - 
- the 2nd which consists of a semi-conductor layer 1 17ax and p mold aluminum0.9Ga0.1 As layer -r- the 
laminating of the semi-conductor layer 117ay is carried out alternately with 25 pairs, and reflection . 
factor adjustment layer 104a is formed in the maximum upper layer, reflection factor adjustment layer 
104a — the 1st — it has the same presentation as semi-conductor layer 11 7ax. Semi-conductor 
deposit 117a is a r layer which serves as the up mirror 117 in a next process. In the gestalt of this 
operation, although the 1 case where two sorts of thin^films which constitute the lower mirrorH7 were 
semi-conductor layers (the 1 st semi-conductor layer 117 ax and the 2nd semi-conductor layer 117 ay) 
was shown, said two sorts of thin films are hot necessarily limited to a semi-conductor layer,vand may 
be formed with ingredients other than a semiconductor material, for example, dielectric materials etc. 
1*00391 moreover, drawing 4 — setting — the 1st — semi-conductor layer I17ax and the 2nd, although 
the case where the laminating of the semi-conductor layer 1 17ay was carried out by turns was shown 
the 1 st — semi-conductor layer 1 1 7ax and the 2nd, in order to lower resistance of the interface of 
semi-conductor layer 11 7ay the 1st — semi-conductor layer 1 17ax and the*2hd — between semi- 
conductor layer 1 1 7ay(s) — a film — inserting — connecting two-layer [ this ] stair-like **** — or the 
1st ; — semi-conductor layer 11 7ax ahd the 2nd — presentation change of an interface with semi- 
cortductor layer 117ay can also be made gently-sloping. 

[0040] the 1st — semi-conductor layer 1 17ax and the 2nd — semi-conductor layer 1 17ay is formed in 
the thickness which fulfills Bragg reflection conditions about the wavelength lambda of the standing 
wave formed in a resonator 120, respectively, as shown in drawing 4 . for example, it is shown in drawing 
4 — as — the 1st — semi-conductor layer 1 17ax and the 2nd — the thickness of semi-conductor 
layer 11 lay — lambdji/4 of thickness — become — it forms. : ■ ; I ' ^ "J -\. . 

[0041] moreover, the 1 st — semi-conductor layer 1 17ak aiid the 2nd — semi-conductor layer 1 1 7ay — 
the 1st — - the refractive index of semi-conductor layer 1 17ax — the 2nd — it consists of an ingredient 
which becomes larger than the refractive index of semi-conductor layer 117ay. the surface emission- 
type laser concerning the gestalt of this operation — setting — the 1st — the aluminumO.2GaO.8As 
layer which constitutes semi-conductor layer 117ax — the 2nd a refractive index is larger than the p 
mold aluminum0.9Ga0.1 As layer which constitutes semi-conductor layer 117ay. 

[0042] here — the 1st — semi-conductor layer 117ax and the 2nd — the 1st formed in the maximum 
upper layer in case the laminating of the semi-conductor layer 117ay is carried out by turns on a barrier 
layer 103 — semi-conductor layer 117ax is replaced and formed in reflection factor adjustment layer 

. . 104a. Reflectionnjiactor adjustmehtilayer 104a is formed in the thickness which fulfills anti-Bragg -. 

reflection conditions about the wavelength lambda of the standings wave formed in a resonator 120. In 
the gestalt of this operation, reflection factor adjustment layer 104a is formed so that the thickness of 
reflection factor adjustment layer 104a may become lambda/2. 

[0043] Moreover, in order to install the current constriction layer 111 into the pillar-shaped section 110 
in the process mentioned later, layer 107a for current constriction formation which consists of a p mold 
AlAs with a thickness of 30nm is formed in the bottom of semi-conductor deposit 1 1 7a. In addition, 
although the case where layer 107a for current constriction formation was formed directly under semi- 
conductor deposit 1 17a was shown here instead of — the 1st — semi-conductor layer 1 17ax or the 2nd 
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— whether a part of semi-conductor layer 1 17ay is replaced and formed in layer 107a. for current 
constriction formation or the at least 1 to 1st — semi-conductor layer 1 17ax and the 2nd — it can also 
form so that layer 107a for current constriction formation may be inserted between semi-conductor 
layer 117ay(s). Moreover, the location in which the current constriction layer 111 is installed is not 
necessarily limited to this location, and may be installed in the lower part of a barrier layer 103. 
Moreover, two or more current constriction layers can also be installed, and the location of a current 
constriction layer can also be freely chosen in this case. 

[0044] Although the temperature at the time of performing epitaxial growth is suitably determined by the 
class of semi-conductor substrate 101 or the class of deposit 150 which forms, and.thickness, generally 
it is desirable that it is 600-800 degrees C. Moreover, the duration at the time of performing epitaxial 
growth as well as temperature is determined suitably, moreover — as the approach of carrying out. 
epitaxial growth — organic metal vapor growth (MOVPE:Metal-Organic VaporPhase Epitaxy) — law and 
MBE — law (Molecular BeamEpitaxy) >— law or LPE — law (Liquid Phase Epitaxy) can be used. 
[0045] Then, a process (b) is explained. 

[0046] (b) On semi-conductor deposit 117a, after applying a photoresist (not shown), as shown in 
drawing 5 , form the resist layer 500 of a predetermined pattern by carrying out patterning of this 
photoresist with photolithography. Subsequently, the part in which the resist layer 500 is not formed in 
reflection factor adjustment layer 104a which is the maximum upper layer is, formed in the thickness 
which fulfills Bragg reflection conditions by etching by using this resist layer 500 as a mask using the dry 
etching method using chlorine-based. gas etc. for example. In drawing 6 , the case where it etches until 
the part in which the resist layer 500 is not formed in reflection factor adjustment layer 104a became 
one fourth of the thickness of the wavelength lambda of the standing wave formed in a resonator 120 is 
shown. Thereby, as shown in drawing 6 . crevice 104b is formed in the center section of reflection factor 
adjustment layer 104a, and crevice 104b has lambda/4 of the depth by having etched lambda/4 for 
reflection factor adjustment layer 104a which has lambda/2 of thickness by thickness. 
[0047] Then, a process (c) is explained. 

[0048] First, after forming the resist layer 501 on crevice 104b formed of the process mentioned above, 
by etching by using the resist layer 500,501 as a mask using the dry etching method using chlorine- 
based gas etc. for example, it etches until layer 107a for current constriction formation is exposed at 
least, and as shown in drawing 7 , the pillar-shaped section 110 which is a column-like thin film 
deposition object is formed. In the gestalt of this operation, although the case where the pillar-shaped 
section 110 was formed from the thin , film deposition object containing a semi-conductor layer was 
shown,, the pillar-shaped section 110 can also be formed for the up mirror 117 or the lower mirror 102 
by forming from dielectric materials from the thin film deposition object which consists of ingredients 
other than a semi-conductor: * 
[0049] Moreover, in this process, the layer etched is not limited to these but is suitably determined by 
the configuration of the resonator made into the object. According to the above process, the part 
applied to barrier layer 103a among resonators 120 from the laser beam outgoing radiation side of a 
surface emission-type laser 100 sees clitteringly a laser beam outgoing radiation side, it is etched into a 
circle configuration with a diameter of 10-30 micrometers, and the up mirror 117 containing the 

reflection factor adjustment layer 104* the. layer r 107rfor : current constriction formatiprv, and a barrier - 

layer 103 are formed. Here, in the pillar-shaped section 110, it is some resonators 120 and a column-like 
semi-conductor deposition object is said. In addition, although the flat-surface configuration of the 
pillar-shaped section 110 was made circular with the gestalt of this operation, this configuration can 
take the configuration of arbitration. 

[0050] Subsequently, after removing the resist layer 500,501, the layer 107 for current constriction 
formation which consists of a p mold AlAs layer is exposed to the bottom of an about 400-degree C 
steam ambient atmosphere. Of this process, the AlAs layer oxidizes from the periphery section to the 
inside, and the aluminum oxide which is an insulator is formed. That is, as the layer 107 for current 
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constriction formation oxidizes from the periphery section and is shown in drawing 8 , the current 
constriction layer 111 containing an aluminum oxide and current valley layer 107b (part which was not 
changed into the current constriction layer 111 among the layers 107 for current constriction formation) 
surrounded in the current constriction layer 1 1 1 in the periphery section are formed. Of the above, a 
resonator 120 is formed on the semi-conductor substrate 101. 

[0051] Subsequently, the insulating layer (not shown) which consists of silicon oxide (SiOx film) is 
formed in a part of side face of the pillar-shaped section 110, and the top face of the lower mirror 102 
with the CVD method which used the mono silane as the raw material. The class of insulating layer is 
not limited to silicon oxide, and may use other insulator layers, such as a silicon nitride film (SiNx film). 
Or the embedded structure using resin ingredients, such as polyimide, may be used. Then, the alloy layer 
(not shown) which consists of an alloy of gold and zinc with a vacuum deposition method is formed in 
the top face of the up mirror 117. Then, patterning of said alloy layer is carried out using the 
photolithography method, the up electrode 113 is formed, and the lower electrode 115 which consists of 
an alloy of gold and germanium is further formed in the rear face (the field which forms a resonator 120 
in the semi-conductor substrate 101, and field of an opposite hand) of the semi-conductor substrate 
101 with a vacuum deposition method. Finally the structure obtained according to the above-mentioned 
process is heat-treated at 350 degrees C, and ohmic contact of the up electrode 113, a resonator 120, 
and the lower electrode 1 15 is carried out. Of the above process, as shown in drawing 1 , the up mirror 
1 1 7 containing the 1 st mirror section 1 1 4 formed in the center section of the pillar-shaped section 1 1 0 
and the 2nd mirror section 108 formed in the periphery of the 1st mirror section 114 is formed. The 
surface emission-type laser 100 shown in drawing 1 is obtained through the above process. 
[0052] (Structure of a device) The surface emission-type laser 100 obtained according to the above- 
mentioned manufacture process is shown in drawing 1 . Drawing 1 is the sectional view cut along with 
the A-A line of drawing 2 . Drawing 2 R> 2 is drawing showing typically the important section of the flat 
surface which looked at the surface emission-type laser 100 shown in drawing 1 from the side which 
counters outgoing radiation opening of a laser beam. Drawing 4 is the expanded sectional view of 2nd 
mirror section 108 part which constitutes the up mirror 117 shown in drawing 1 . 
[0053] The resonator 120 with which a surface emission-type laser 100 contains the pillar-shaped 
section 110 is formed on the semi-conductor substrate 101, the laminating of the lower mirror 102, a 
barrier layer 103, and the up mirror 117 is carried out, and the resonator 120 is formed. The up 
electrode 113 which consists of an alloy of gold and zinc is formed in the top face of the pillar^shaped 
section 1 10; Moreover, in the semi-conductor substrate 101, the lower electrode 1 15 which consists of 
an alloy of gold and germanium is formed in the field in which the resonator 120 is formed, and the field 
of an opposite hand. 

[0054] The up mirror 117 is constituted including the 1st mirror section 114 and the 2nd mirror section 
108. The 1st mirror section 114 is formed in the center section of the pillar-shaped section 110, the 2nd 
mirror section 108 is formed in the periphery of the 1st mirror section 114, and its reflection factor is 
[ the 1st mirror section 114] larger than the 2nd mirror section 108. the 1st mirror section 1 14 and the 
2nd mirror section 108 are formed from semi-conductor deposit 117a according to the above-mentioned 
manufacture process — having — any — the 1st — the laminating of two sorts of thin films of semi- 
. conductor layer 11 7* and 2nd semi-conductor layer 117y is carried ^>ut alternately. with : 25. pairs^and . 
they are formed. Thereby, the 1st mirror section 114 and the 2nd mirror section 108 serve as the so- 
called Bragg reflection mirror in which the laminating of the reflecting mirror (the 1st semi-conductor 
layer 117 x and 2nd semi-conductor layer 117y) which is two kinds from which a refractive index differs 
was carried out by one fourth of the thickness of the wavelength lambda of a standing wave, and have a 
function as a reflecting mirror with which optical absorption has few high reflection factors. Drawing 4 
shows the cross section of the 2nd mirror section 108, and the 1st mirror section 114 has the almost 
same layer system as the 2nd mirror section 108 except for the point containing the part (crevice 104b) 
by which the thickness of the reflection factor adjustment layer 104 which is the maximum upper layer 
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among the 2nd mirror sections 108 is formed in one fourth of the wavelength lambda of the standing 
wave formed in a resonator 120. 

[0055] the 1st which constitutes the 1st mirror section 114 and the 2nd mirror section 108 — the 1st in 
semi-conductor deposit 117a which semi-conductor layer 117x and 2nd semi-conductor layer 117y 
mentioned above, respectively — semi-conductor layer 117ax and the 2nd — it is equivalent to semi- 
conductor layer 117ay. therefore, the 1st — semi-conductor layer 117x and 2nd semi-conductor layer 
1 17y — respectively — the 1st — semi-conductor layer 1 17ax and the 2nd — the thickness which 
fulfills Bragg reflection conditions like semi-conductor layer 1 17ay — having — and the 1st — semi- 
conductor layer 117x have a refractive index larger than 2nd semi-conductor layer 117y. specifically, it 
is shown in drawing 4 — as — the 1st — each of semi-conductor layer 1 17x and 2nd semi-conductor 
layer 117y has one fourth of the thickness of the wavelength lambda of the standing wave formed in a 
resonator 120, and consists of p mold aluminumO.2GaO.8As and p mold aluminum0.9Ga0.1 As, 
respectively. 

[0056] Moreover, the reflection factor adjustment layer 104 which applies and follows the 2nd mirror 
section 108 from the 1st mirror section 114 is formed in the up mirror 117. The reflection factor 
adjustment layer 104 has the thickness which fulfills anti-Bragg reflection conditions, and crevice 104b 
which has the depth which fulfills Bragg reflection conditions is formed in the center section of the top 
face. As mentioned above, the reflection factor adjustment layer 104 has one half of the thickness of 
the wavelength lambda of the standing wave formed in a resonator 120, and has one fourth of the 
thickness of said wavelength lambda in crevice 104b. moreover, two or more 1st [ the ] which 
constitutes the up mirror 1 17 as the reflection factor adjustment layer 104 was mentioned above — at 
least one layer in semi-conductor layer 117x and 2nd semi-conductor layer 117y is permuted and 
formed, the 1st formed in the maximum upper layer of the up mirror 1 17 in the surface emission-type 
laser 100 shown in drawing 1 — by making thickness of semi-conductor layer 1 1 7x into one half of the 
thickness of said wavelength lambda shows the case where the reflection factor adjustment layer 104 is 
formed. 

[0057] The 1st mirror section 114 contains crevice 104b which constitutes the reflection factor 
adjustment layer 104. That is, the 1st mirror section 114 contains the part whose thickness is lambda/4 
among the reflection factor adjustment layers 104. On the other hand, the 2nd mirror section 108 
contains the part whose thickness is lambda/2 among the reflection factor adjustment layers 104 among 
the parts 104 except crevice 104b, i.e., a reflection factor adjustment layer. Since the part except the 
reflection factor adjustment layer 104 has the almost same layer system in the 1st mirror section 114 
and the 2nd mirror section 108 as mentioned above, the thickness of the 1st mirror section 114 is 
[ lambda/4 ] smaller than the thickness of the 2nd mirror section 108. 

[0058] Furthermore, the current constriction layer 111 is formed in the 2nd mirror section 108. As for 
the bore of the current constriction layer 111, it is desirable to be formed so that it may become larger 
than the path of crevice 104b formed in the reflection factor adjustment layer 104. Moreover, as for the 
distance of the core of the current constriction layer 111, and the core of crevice 104b, it is desirable 
that it is less than 1 micron, and it is more desirable for the core of the current constriction layer 1 1 1 
and the core of crevice 104b to be in agreement. 

[0059] (Actuation of~a- device) General actuation of the^surfaee emissionrtype laser 100 concerning the 
gestalt of this operation is shown below. 

[0060] If the electrical potential difference of the forward direction is impressed to the pin diode which 
consists of an up mirror 117, a barrier layer 103, and a lower mirror 102 with the up electrode 113 and 
the lower electrode 115, in a barrier layer 103, recombination with an electron and an electron hole will 
take place, and luminescence by said recombination will arise. Then, in case the produced light goes 
back and forth between the up mirror 117 and the lower mirrors 102, induced emission happens, and 
luminous intensity is amplified. If the Mitsutoshi profit turns around optical loss a top, laser oscillation 
will happen and outgoing radiation of the laser beam will be perpendicularly carried out from the opening 



116 of the up electrode 113 to the semi-conductor substrate 101. 

[0061] (An operation and effectiveness) Next, the operation and effectiveness in the surface emission- 
type laser 100 concerning the gestalt of this operation and its manufacture approach are explained. 
[0062] (1) The relation of the thickness t of crevice 104b of the reflection factor adjustment layer 104 
of a surface emission-type laser and the reflection factor (%) of the 1 st mirror section 1 14 at the time 
of manufacturing the same field luminescence laser as the surface emission-type laser 100 which 
changes variously the thickness t of crevice 104b of the reflection factor adjustment layer 104 formed 
in the maximum upper layer of the 1st mirror section 114 (refer to drawing 17 ), and shows it first to 
drawing 1 according to the process mentioned above which were obtained is shown in drawing 18 . 
Drawing 1818 shows the case where the reflection factor adjustment layer 104 which has predetermined 
thickness according to the process mentioned above is formed so that the thickness t of crevice 104b 
may be set to 0 - 3/4 of said wavelength lambda by etching, in addition — here — wavelength lambda - 
- 800nm — carrying out — the 1 st — the result at the time of forming semi-conductor layer 1 1 7x and 
2nd semi-conductor layer 117y and reflection factor adjustment layer 104 grade is shown. 
[0063] If drawing 18 is referred to, a reflection factor will become the largest when the thickness t of 
crevice 104b of the reflection factor adjustment layer 104 is 1/4 of said wavelength lambda. On the 
other hand, a reflection factor becomes the smallest when said thickness t is 1/2 of said wavelength 
lambda. Here, in the neighborhood which will be set to said thickness t=lambda / 4 if change of the 
reflection factor in the neighborhood used as said thickness t=lambda / 4, and lambda/2 is compared, 
even if the value of said thickness t changed, when the value of the thickness t of crevice 104b changed 
in said thickness t=lambda / 2 neighborhood to a reflection factor not changing so much, it turned out 
that a reflection factor changes a lot. Therefore, compared with the way which forms the thickness t of 
crevice 104b in lambda/2 forming the thickness t of crevice 104b in said wavelength lambda / 4, it turns 
out that the control in the case of etching is difficult. That is, it can be said that the control in the case 
of etching is easy rather than the way which forms the thickness t of crevice 104b in the thickness 
which fulfills Bragg s reflective conditions (2n-1) (lambda/4) forms the thickness t of crevice 104b in the 
thickness which fills anti-Braggs condition of reflection (nlambda/2). 

[0064] In the manufacture process of the surface emission-type laser in the gestalt of this operation, as 
shown in drawing 6 , crevice 140b which has lambda/4 of thickness is formed in the top face of the 
reflection factor adjustment layer 104 by etching reflection factor adjustment layer 104a whose 
thickness is lambda/2. Therefor since the control in the case of etching is easy, the margin at the time 
of being manufacture can be ienlarged. For this reason, the manufacturing cost of the surface emission- 
type laser obtained according to this manufacture process can be reduced, consequently cheaper field 
luminescence laser can be obtained. 

[0065] (2) In the surface emission-type laser 100 concerning the gestalt of this operation, the 1st mirror 
section 114 contains crevice 104b which has lambda/4 of thickness. On the other hand, the 2nd mirror 
section 108 contains the part which has lambda/2 of thickness in the reflection factor adjustment layer 
104. As shown in drawing 18 , a reflection factor becomes large rather than the way whose thickness of 
the reflection factor adjustment layer 104 is lambda/4 is [ the thickness concerned ] lambda/2. 
Therefore, the 1st mirror section 114 containing the part which has lambda/4 of thickness in the 
reflection factor adjustment-layer. 1 04- has-a, reflection- factor larger than the -2nd mirror ,seetion408 . r - 
containing the part which has lambda/2 of thickness in the reflection factor adjustment layer 104. 
[0066] In the surface emission-type laser, generally, it is known that laser oscillation will stop being able 
to happen easily, so that the reflection factor of a reflecting layer becomes small. Therefore, since the 
reflection factor is smaller than the field of the 1st mirror section 114, as for the field of the 2nd mirror 
section 108, laser oscillation cannot happen easily. 

[0067] By the way, generally by the surface emission-type laser equipped with a current constriction 
layer, the light in a resonator exists in the bore d2 (refer to drawing 1 ) of a current constriction layer at 
the time of laser oscillation. And in order to enlarge the maximum reinforcement of laser, it is effective 
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to enlarge the bore d2 of a current constriction layer, but if the bore d2 of a current constriction layer is 
enlarged, it is known that the oscillation by the multi-transverse mode will become easy to take place. 
When the optical intensity distribution of each transverse mode in a resonator are compared, the optical 
intensity distribution of the light oscillated by the multi-transverse mode have two or more peaks to.the 
optical intensity distribution of the light which carries out a single transverse-mode oscillation having a 
single crest configuration. From this, most light oscillated by the multi-transverse mode exists in the 
periphery approach of the bore 62 of a current constriction layer to concentrating the light which 
carries out a single transverse-mode oscillation near the core of the bore d2 of a current constriction 
layer. 

[0068] Like the surface emission-type laser 100 concerning the gestalt of this operation, if the path d1 
of the 1st mirror section 114 is made smaller than the path d2 of current constriction layer 107b, the 
great portion of light which can store the great portion of light oscillated by the single transverse mode 
in the 1st mirror section 114, and is oscillated by the multi-transverse mode can be oscillated in the 
field of the 2nd mirror section 108. 

[0069] As stated previously, since a reflection factor is low and laser oscillation cannot happen easily, in 
the field of the 2nd mirror section 108, the oscillation of the light oscillated by the multi-transverse 
mode which exists in the 2nd mirror section 108 mostly will be controlled. 

[0070] For this reason, in the surface emission-type laser 100 concerning the gestalt of this operation, 
since the laser oscillation of the multi-transverse mode can be controlled, even when attaining a high 
increase in power by enlarging the bore d2 of a current constriction layer, only the laser oscillation of 
the single transverse mode can be obtained. 
[0071] (Gestalt of the 2nd operation) 

(Structure of a device) Drawing 9 is the sectional view showing typically the surface emission^type laser 
200 concerning the gestalt of operation of the 2nd of this invention. 

[0072] The surface emission— type laser 200 concerning the gestalt of the 2nd operation has the almost 
same configuration as the surface emission-type laser 100 concerning the gestalt of the 1st operation 
except for the reflection factor adjustment layer 204 being formed in the 3rd from the maximum upper 
layer of the up mirror 21 7. 

[0073] the surface emission-type laser 200 concerning the gestalt of this operation — setting — the 
reflection factor adjustment layer 204 top — 1 set of the 1st — the laminating of the semi-conductor 
layer 11 7x and 2nd semi-conductor layer 117y is carried out alternately with 1 pair- and the up mirror 
217 is formed, namely, the 1st by which the reflection factor adjustment layer 204 is formed in the 3rd 
layer from the maximum upper layer — it is formed by setting thickness of semi-conductor layer 1 1 7x 
to one half of the wavelength lambda of the standing wave which exists in a resonator 220. 
[0074] (Manufacture process of a device) The manufacture approach of the surface emission-type laser 
200 concerning the gestalt of the 2nd operation is the same as the manufacture approach of a surface 
emission-type laser 100 and basic target concerning the gestalt of the 1st operation, the production 
process of a surface emission— type laser 100 specifically shown in drawing 4 — setting — the 1st of 25 
pairs — instead of replacing and forming the maximum upper layer of semi-conductor layer 1 1 7x and 
2nd semi-conductor layer 1 1 7y in reflection factor adjustment layer 104a the 1st of 26 pairs, in case the 
semi-conductor deposit (not shown) which consists of semi-conductor-layer 1.1 7x and 2nd semi-., 
conductor layer 1 17y is formed the 1st of the maximum upper layer to the 3rd layer — semi-conductor 
layer 117x are etched in the production process of a surface emission-type laser 100 continuously 
replaced, formed and shown in the reflection factor adjustment layer 204 which has one half of the 
thickness of said wavelength lambda in drawing 6 from the top face of the up mirror 217 to the middle of 
the reflection factor adjustment layer 204. By the above, crevice 204a which has one fourth of the 
thickness of said wavelength lambda is formed in the reflection factor adjustment layer 204. here — the 
reflection factor adjustment layer 204 top — the 1st of one pair — since semi-conductor layer 1 17x 
and 2nd semi-conductor layer 1 1 7y is formed, the difference of the thickness of the 1st mirror section 
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214 and the 2nd mirror section 208 is set to 3lambda/4 by forming crevice 204a in the reflection factor 

adjustment layer 204. The next process is the same as that of the surface emission-type laser 100 

concerning the gestalt of the 1st operation almost. Therefore, explanation is omitted. 

[0075] (Actuation of a device, an operation, and effectiveness) Actuation of the surface emission-type 

laser 200 concerning the 2nd gestalt is the same as actuation of the surface emission-type laser 100 

concerning the gestalt of the 1st operation. Therefore, the explanation is omitted. 

[0076] Moreover, the operation and effectiveness of a surface emission-type laser 200 concerning the 

gestalt of the 2nd operation are the same as the operation and effectiveness of a surface emission-type 

laser 100 concerning the gestalt of the 1st operation almost, and have the effectiveness of further the 

following. 

[0077] In the surface emission-type laser 200 concerning the gestalt of the 2nd operation, since the 
reflection factor adjustment layer 204 is formed in the side more near a barrier layer 103 as compared 
with the surface emission-type laser 100 concerning the gestalt of the 1st operation, the reflection 
factor adjustment layer 204 can make larger effectiveness given to a barrier layer 103. That is, since the 
difference of the reflection factor between the 1st mirror section 214 and the 2nd mirror section 208 
can be enlarged more by the reflection factor adjustment layer 204, the oscillation of the laser beam 
oscillated by the multi-transverse mode can be controlled, and more laser beams oscillated by the single 
transverse mode can be obtained. 
[0078] (Gestalt of the 3rd operation) 

(Structure of a device) Drawing 10 is the sectional view showing typically the surface emission-type 
laser 300 concerning the gestalt of operation of the 3rd of this invention. 

[0079] Although the surface emission-type laser 300 concerning the gestalt of the 3rd operation has the 
almost same configuration as the surface emission-type laser 100 concerning the gestalt of the 1st 
operation, it differs from a surface emission-type laser 100 in that the 2nd mirror section 308 which 
constitutes the up mirror 317 contains a dielectric layer 106. A dielectric layer 106 is a reflecting layer 
and constitutes a part of 2nd mirror section 308. namely, the gestalt of this operation — setting — the 
1st of 25 pairs — 1 the 2nd mirror section 308 consists of semi-conductor layer 1 17x and 2nd semi- 
conductor layer 1 17y and a dielectric layer 106 of one pair. 

[0080] In the 2nd mirror section 308, a dielectric layer 106 consists of two sorts of layers from which it 
is formed on the reflection factor adjustment layer 104, and a refractive index differs. In drawing 10 , a 
dielectric layer 106 consists of 1st dielectric layer 106a and 2nd dielectric layer 106b; and its refractive 
index is [ 2nd dielectric layer 106b ] higher than 1st dielectric layer 106a. 

[0081] In the gestalt of this operation, the case where used silicon oxide as 1st dielectric layer 106a, 
and tantalum oxide (Ta 205) is used as 2nd dielectric layer 106b is shown. Or 1st dielectric layer 106a 
can be formed using magnesium fluoride, barium fluoride, a calcium fluoride, lithium fluoride, a sodium 
fluoride, etc. Moreover, 2nd dielectric layer 106b can be formed using titanium oxide, a zirconium dioxide, 
an amorphous silicon, zinc sulfide, cerium oxide, etc. In addition, in the gestalt of this operation, although 
the case where the dielectric layer 106 of one pair was used was shown, two or more laminatings of the 
dielectric layer 106 can also be carried out. 

[0082] (Manufacture process of a device) Next, the process of the manufacture approach of the surface 

>^ ^emissionHype laser 300 concerning the-gest-alt of this operation is explained, Drawing 14 -l^-are-the^v : 

sectional view showing typically the process of the manufacture approach of the surface emission-type 
laser 300 concerning the gestalt of this operation. 

[0083] The manufacture approach of the surface emission-type laser 300 concerning the gestalt of the 
3rd operation is the same as the manufacture approach of a surface emission-type laser 100 and basic 
target concerning the gestalt of the 1st operation except the point which carries out the laminating of 
the dielectric layer 106 to the top face of semi-conductor deposit 117a. Specifically in the production 
process of the surface emission-type laser 100 concerning the gestalt of the 1st operation shown in 
drawing 4 , the laminating of the dielectric layer 106 (1st dielectric layer 106a and 2nd dielectric layer 
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106b) is carried out to the top face of semi-conductor deposit 1 17a (refer to drawing 1 1 ). Subsequently, 
as shown in drawing 12 , after forming the resist layer 503, a dielectric layer 106 is etched by the dry 
etching method using fluorine system gas etc. Then, as shown in drawing 13 , crevice 104b which has 
one fourth of the thickness of said wavelength lambda is formed in reflection factor adjustment layer 
104a by etching from the top face of a dielectric layer 106 to the middle of reflection factor adjustment 
layer 104a. The next process is the same as that of the surface emission-type laser 100 concerning the 
gestalt of the 1st operation almost. Therefore, explanation is omitted. 

[0084] (Actuation of a device, an operation, and effectiveness) Actuation of the surface emission-type 

laser 300 concerning the 3rd. gestalt is the same as actuation of the surface emission-type laser 100 

concerning the gestalt of the 1st operation. Therefore, the explanation is omitted. 

[0085] Moreover, the operation and effectiveness of a surface emission-type laser 300 concerning the 

gestalt of the 3rd operation are the same as the operation and effectiveness of a surface emission-type 

laser 100 concerning the gestalt of the 1st operation almost, and have the effectiveness of further the 

following. 

[0086] In the surface emission-type laser 300 concerning the gestalt of the 3rd operation, since the 
difference of the reflection factor between those between the 1st mirror section 314 and the 2nd mirror 
section 308 can be enlarged more when the 2nd mirror section 308 contains a dielectric layer 1 06, the 
oscillation of the laser beam oscillated by the multi-transverse mode can be controlled, and more laser 
beams oscillated by the single transverse mode can be obtained. 
[0087] (Gestalt of the 4th operation) 

(Structure of a device) Drawing 14 is the sectional view showing typically the surface emission-type 
laser 400 concerning the gestalt of operation of the 4th of this invention. 

[0088] The surface emission-type laser 400 concerning the gestalt of the 4th operation has the almost 
same configuration as the surface emission-type laser 300 concerning the gestalt of the 3rd operation. 
Although especially the surface emission-type laser 400 concerning the gestalt of this operation is the 
same as that of the surface emission-type laser 300 which starts the gestalt of the 3rd operation in the 
point that the 2nd mirror section 408 which constitutes the up mirror 417 contains a dielectric layer 206, 
the 1st mirror section 414 also differs from the surface emission— type laser 300 concerning the gestalt 
of the 3rd operation in the point which contains a dielectric layer 206 like the 2nd mirror section 408 
further, namely, the gestalt of this operation — setting — the 1st mirror section 414 and the 2nd mirror 
section 408 — the 1st of 23 pairs — it consists of semi-conductor layer 117x and. 2nd semi-conductor 
layer 117y and a dielectric layer 206 of one pair. 

[0089] A dielectric layer 206 consists of 206 which consists of two sorts of layers (1st dielectric layer 
206a and 2nd dielectric layer 206b) from which a refractive index differs like the 3rd operation gestalt. In 
the gestalt of this operation, the case where the respectively same ingredient as 1st dielectric layer 
106a and 2nd dielectric layer 106b which constitute the insulator layer 106 in the 3rd operation gestalt 
is used for 1st dielectric layer 206a and 2nd dielectric layer 206b is shown. Moreover, in the gestalt of 
this operation, although the case where the dielectric layer 206 of one pair was used was shown, two or 
more laminatings of the dielectric layer 206 can also be carried out to the top face of the up mirror 417. 
[0090] (Manufacture process of a device) Next, the process of the manufacture approach of the surface 

emission-type laser 400 concerning-the gestalt^of this operation, is explained. Drawing 1 5 aod- : 1 6,are-the 

sectional views showing typically the process of the manufacture approach of the surface emission— type 
laser 400 concerning the gestalt of this operation. 

[0091] The manufacture approach of the surface emission— type laser 400 concerning the gestalt of the 
4th operation is the same as the manufacture approach of a surface emission-type laser 100 and basic 
target concerning the gestalt of the 1st operation, and adds a dielectric layer 206 further to the same 
structure as a surface emission—type laser 100. specifically, it obtains according to the process shown in 
drawing 4 -8 — having — the 1st of 23 pairs — the resist layer 504 is formed to the surface emission- 
type laser containing semi-conductor layer 117x and 2nd semi-conductor layer 117y on the periphery 
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section of the pillai-shaped section 110, and the lower mirror 102 (refer to drawing 15 ). subsequently, 
for example, EB vacuum evaporationo or ion play DINGU — the laminating of the dielectric layer 206 
(1st dielectric layer 206a and 2nd dielectric layer 206b) of one pair is carried out to up mirror 117 top 
face using law etc. (refer to drawing 16 ). Subsequently, the resist layer 504 is removed using the lift-off 
method. The surface emission-type laser 400 which starts the gestalt of the 4th operation according to 
the above process is obtained. 

[0092] (Actuation of a device, an operation, and effectiveness) Actuation of the surface emission-type 

laser 400 concerning the 4th gestalt is the same as actuation of the surface emission-type laser 100 

concerning the gestalt of the 1st operation. Therefore, the explanation is omitted. 

[0093] Moreover, the operation and effectiveness of a surface emission-type laser 400 concerning the 

gestalt of the 4th operation are the same as the operation and effectiveness of a surface emission-type 

laser 300 concerning the gestalt of the 3rd operation almost, and have the effectiveness of further the 

following. 

[0094] In the surface emission-type laser 400 concerning the gestalt of the 4th operation, like the 
surface emission-type laser 300 concerning the gestalt of the 3rd operation, the 2nd mirror section 408 
contains a dielectric layer 206, and also the dielectric layer 206 is formed also in the 1st mirror section 
414. Thereby, the difference of the refractive index between the 1st mirror section 414 and the 2nd 
mirror section 408 becomes still larger. Consequently, since the difference of the reflection factor 
between the 1st mirror section 414 and the 2nd mirror section 408 can be enlarged further, the 
oscillation of the laser beam oscillated by the multi-transverse mode can be controlled, and still more 
laser beams oscillated by the single transverse mode can be obtained. 

[0095] moreover, the 1st which carries out a laminating since the dielectric layer 206 is formed in the 
1st mirror section 414 and the 2nd mirror section 108 — even if it lessens the number of layers of 
semi-conductor layer 117x and 2nd semi-conductor layer 117y, a laser beam can fully be oscillated. 
[0096] Furthermore, since the surface emission-type laser 400 concerning the gestalt of the 4th 
operation can be formed using the lift-off method, a dielectric layer 206 can be formed easily. 
[0097] In addition, even if it replaces p mold and n mold in each semi-conductor layer in the gestalt of 
the above-mentioned operation, it does not deviate from the meaning of this invention. Although the 
gestalt of the above-mentioned operation explained the thing of an aluminum-Ga-As system, it is also 
possible to use semiconductor materials, such as other ingredient systems, for example, an ln-P system, 
an In-aluminum-As system; a Ga-ln-As system, a Ga-In-N system, an aluminum-Ga-In-P system, a 
Ga-In-N-As system, an aluminum-^Ga-In-As system, and a Ga-In-As-P system, according to oscillation 
wavelength. 

[0098] Moreover, the actuation approach of the surface emission-type laser in the gestalt of the above- 
mentioned operation is an example, and various modification is possible for it unless it deviates from the 
meaning of this invention. Moreover, although the gestalt of the above-mentioned operation shows the 
surface emission-type laser the number of the pillar-shaped sections is [ surface emission-type laser ] 
one, even if there are two or more pillar^shaped sections in a substrate side, the gestalt of this 
invention is not spoiled. 

[0099] (Example of an experiment) the surface emission-type laser 100,200,300,400 which starts the 
gestalt of the-1st -.the,4th operation mentioned . above, since- it is difficult to- earry-out the direct - 
valuation of the reflection factor of the 1st mirror section of a surface emission-type laser, and the 2nd 
mirror section — the reflection factor was calculated by simulation about the same laminated structure 
as the 1st mirror section of each up mirror, and the 2nd mirror section. Each structure was designed on 
the wavelength of 800nm, and the reflection factor in the wavelength of 800nm was evaluated. 
Difference delta[ of 00 and the reflection factor R1 of the 1st mirror section in each gestalt of each 
operation, the reflection factor R2 of the 2nd mirror section (%), and the reflection factor of the 1st 
mirror section and the 2nd mirror section ] R (%) is shown in a table 1. 
[0100] 
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[A table 1] 




10 0 


H»»l/- If 
2 0 0 


3 0 0 


4 0 0 


Ri (%) 


99, 9 


9 9,9 


9 9.9 


9 9.9 


R 2 (%) 


9 8.7 


9 8.29 


97. 7 1 


96. 04 


AR 

(%) 


1. 2 


1.6 1 


2. 19 


2.8 6 



[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically the cross section of the field luminescence mold semiconductor laser 
concerning the gestalt of operation of the 1 st of this invention. 

["Drawing 2] It is drawing showing typically the important section of the flat surface which looked at the field 
luminescence mold semiconductor laser shown in drawing 1 from the side which counters outgoing radiation 
opening of a laser beam. 

[Drawing 3] It is the sectional view showing typically the 1st process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 1st of this invention. 
[Drawing 4] In the field luminescence mold semiconductor laser shown in drawing 1 , it is the expanded sectional 
view of the 2nd mirror section which constitutes an up mirror. 

[Drawing 5] It is the sectional view showing typically the 2nd process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 1st of this invention. 
[Drawing 6] It is the sectional view showing typically the 3rd process of the manufacture/approach: of the field -.— 
luminescence mold semiconductor laser concerning the gestalt of operation of the 1st of this invention.- - 
[Drawing 7] It is the sectional view showing typically the 4th process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 1 st of this invention. 
[Drawing 8] It is the sectional view showing typically the 5th process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 1 st of this invention. 
[Drawing 9] It is drawing showing typically the cross section of the field luminescence mold semiconductor laser 
concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 10] It is drawing showing typically the cross section of the field luminescence mold semiconductor laser 
concerning the gestalt of operation of the 3rd of this invention. 

[Drawing 11] It is the sectional view showing typically the 1st process of the manufacture approach of the field 
luminescence laser concerning the gestait of operation of the 3rd of this invention. 

[Drawing 1 2] It is the sectional view showing typically the 2nd process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 3rd of this invention. 
[Drawing 13] It is the sectional view showing typically the 3rd process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 3rd of this invention. 
[Drawing 1 4] It is drawing showing typically the cross section of the field luminescence mold semiconductor laser 
concerning the gestalt of operation of the 4th of this invention. 

[Drawing 1 5] It is the sectional view showing typically the 1 st process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 4th of this invention. 
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[Drawing 16] It is the sectional view showing typically the 2nd process of the manufacture approach of the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 4th of this invention. 
[Drawing 1 7] It is drawing showing the cross-section structure of the 1st mirror section formed in the field 
luminescence mold semiconductor laser which it is manufactured in the same process as the field luminescence 
mold semiconductor laser shown in drawing 1 , and is shown in drawing 1 , and the field luminescence mold 
semiconductor laser which has the almost same configuration. 

[Drawing 1 8] It is drawing showing the relation between the thickness of the crevice of the reflection factor 
adjustment layer of the manufactured field luminescence mold semiconductor laser at the time of manufacturing 
the field luminescence mold semiconductor laser shown in drawing 1 , and the same field luminescence mold 
semiconductor laser according to the process mentioned above, and the reflection factor (%) of the 1st mirror 
section. 

[Description of Notations] 

100,200,300,400 Field luminescence mold semiconductor laser 

101 Semi-conductor Substrate 

1 02 Lower Mirror 
103,103a Barrier layer 

104,104a, 204,204a Reflection factor adjustment layer 

104b, 204b Crevice 

1 06,206 Dielectric layer 

106a, 206a The 1st dielectric layer 

106b, 206b The 2nd dielectric layer 

1 07,1 07a Layer for current constriction formation 

107b Current valley layer 

1 08,208,308,408 The 2nd mirror section 

108ax(es), 108x The 1st semi-conductor layer 

1 08ay(s), 1 08y The 2nd semi-conductor layer ! . . 

1 1 0,21 0,31 0,41 0 Pillar-shaped section 
1 1 1 Current Constriction Layer . 
113 Up Electrode 

1 1 4,21 4,31 4,41 4 The 1 st mirror section 
1 1 5 Lower Electrode 

116.216.316.416 Opening 

117.217.317.417 Up mirror 

1 1 7a Semi-conductor deposit . .: ... . 

1 20,220,320,420 Resonator : ; ; 

1 50 Deposit 

500 501,502,503,504 Resist layer 



[Translation done.] 
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2 Ort^^$tb5^ffi&(0&*A.^-oV^-cy7j/^5 

1 1 7 a y<D^ffiSa./ / 4©)¥$tC^^J; 

[004 1] 4fc, »lJMHMH7axJ8j:tJ««2 w 
*NH£JS 117»yli, 11*^11 1 7 a x©ffi£r 
$^2f|»Il l 7ay<0JBW*i9 , b*#<45 

■ifUHS^Ttt, SB 1 1 1 7 a x «r#j£i-5 A 1 

0. 2G a o. 8A s Jff±> 31 2 ¥2*fieJ| 1 1 7 a y SrWrirt" 
5plA lo.gGao.lAsiinaSff^t^. 

[0 04 2] Iif»#Ii i7ax*5J;yi 

2*mfcM 1 1 7 a y 1 0 3 ±.t£&E.VZgUft ' 

SBRfc, SlltM$ix5f 1 7 a xS; 

£Ctt*VHMI 1 0 4 a fc«#tftiit-C»riH-*rf S*f*i3 2" 
MM 1 04alt 2 OrtteJ&*£ft5J&8E)ft© 

a <omm& x/2 kti^xoK. B.$imw&m l O 4 a 

[0 0 4 3] «SM-5iet*iV^-Ctt«*Bl 1 0 

■f^mfltafe^e 1 1 1 SrK«i-*fc«)k:, ff£ 3 dnm 

©piMAs frbttttwmtm&mm io7a4¥ 
^^as ii7a <Dm.T\zm,mm**Mj&mm 107 30 

a 5 fc, 'JS i ¥WJf 

1 1 7 a x Sfc'ttJR 2 ^m»m 1 1 7 a y CD-g|S§r®$fc 

ttwnusji 107a K.m*&*.xi»acr*t>* *>sv % 

\*'J>ti;<i:hltt<0$&l*mftmil 7 a x*5±tf3S2 
1 1 7 a y OMIt«»|festH^|^« 1 0 7 a 

Sill Sr««-fSttlU4-©»Sftw|»S*ixai3»t-C 
fi&<. SttS 1 0 3©T»fcK1ILTfc «fcV\ £7c, 

[0 0 4 4] ^t^^v-^M&ftSrfT?^©^!^ ¥ 

m#m& i o i comm. hzwtM&ttzmmJS 1 5 0 

<Dnm*&Z\z£<ixm-M8t:fe2iriZ>&; -jttK, 6 0 

0~8 0 CC-CfeStD^ifS LV^ i^+v't 

*Ttt&&JS^tfB/fcg (MOVPE : Me t a 1 -O r g a 
nic VaporPhase Epi taxy) ft 

^MBEft (Molecular BeamEpit 
axy)fe ( fcSVMiLPES'fLiquid Pha so 
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se Epitaxy) 15.' 

[0045] jggi^-c, is (b) fco^-aft9H-<&. 

[0 0 4 6] (b) ^«fll 1 7 a±lC, 7* h 

5 0 0 Sr^/frfS. o<^T?, I(Dl/-^ M5 0 0Sr-7 

-Cfe?)Sit*Pfigl 0 4 aK^VTl-'v?;* H500 

E16ICtJ^TI±s £BW*PHM104 
at*St^l^^ hJf 5 0 OffiMj&£)riX^tW&&ib :i 
#£&1 2 0l^lr?FM$ix5^^©fe*A.C01/4ro 

9 , BT6 fc*H-«fc 5 fc, KffTOKBJi 10 4a (Df 3 *^ 
tcpgftl O 4 b*s^$H, l/2cDlK)*Sr ; ft"-t-5Klt 
0 4 a^A./4©jf:$^3is/^^^$tufcr 
tlcfctJV DDSBi 04 b \*.\ / 4<n>m*tt1r 5. 

[0 0 4 7] «^T, 11(c) fcoVX-CttW-t-S. 

[0 0 4 8] *i\ lW3*b/t:ieK:J:5»J«*KfcI!a«B 
l o 4 b±l:vv?x h!5 0 l Sr^Utt; 
1500, 50lH^^tLT, fetitfllf^ 

5 c t 9 , < t hmim*ffif&mm 1 o 7 a ^ 
am-tz-axx-yf-^yi,. 0 7 ksh-j; 5 »^ 

0 .-JiflJ $ 7- 1..1 7 *7^tt 

m ? 7- 1 0 2 e>»*i-s - ^ 

lc«k <0 ; ! ^»«^*»»d>e*53»BI«Blfl:*»fett* 
§B 1 1 0 SrJ&fci-* w i t>T?# 5, ■ 
[0 0 4 9] ifc, r©XSlc:*5^^T, ^s/^v^ix 

*SH 12005 feffi^Tt 1 0 0 © if jtffiJt 
<il*^feSt4S 10 3a \zfrirtx<aUft&. u— if^ttait 
»b^f>ltlll 0 — 3 OMmroR^tx^f^ 
y^H-C, K*f*l^ttS 10 4 Sr*tf±«B5 7- 1 1 
7 , mSS^f^ffie 10 7, jBit/SttS 103 im 
f&ZHZ, 1 O £(i v *ffi|gl2 0W 

jfi©^*-e«, s^sci 1 o©qzffi^^n^i Lfc 

[0 0 5 0] OV^T% Uv?X H5 0 0, 5-0 1 

Lfc^, piA i a sSfrbtezmmmmtef&mm 1 o 

Sic:.);!?, a l A s m^WUA^^m^Mt^tiX 
ISft^Mffll 1 0 7iSJ|g:»f)l!ft$^ 
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tt»*»'l 1 1 is *JH»fc«flHfc»Wi 1 1 lX'ffl^H 
fc^SKW&Jl 10 7b (mttK«M$lftffiJI 107O5*) 

HSo J£l±(c4«5, -¥*fl&Kl 0 i±»c*JHBl 2 0 

[0 0 5 1] fc^X, ^/i/7yWi WcCVDft, 
C:4?), tttSlSl 1 0©«ffi©—*B**«ttf TIBS 9—1 . 

0 2©±IIC v ->!;3y^ti (SiOxI) 

v&teJ&(cPS5££;ft,5t>©-T?(4&< , nt->y = ^ 

(S iNxME) *if©ffi©i|ft|W!IS:fflV^Tt> 4V\, £3 
VM4, sKy-rs K#0»JBI***l-S:fflv^a«>a*«SSSr 
fflV^t)iV\ «6V^-C; ±355 7-1 1 7©±ffi(Cl, X 

fflV>-CtfrfE^Jg*^^— :=>^LT±95®®1 1 3Sr 
^j£L, SfcSc, ¥*fleSKi 0 i-4)SB-(¥*tt£tf,. 

1 0 1K*JV^-C*S»1 2P*^J*i-*ffiiR»«© 

E) lc, X£0#i£(;:4«J, A 20 

(ctt) # e>*tfc*3Sfl£«r 350 < c-e#nf&Ms u ±95« 
til 1 3t*iSi 2 0iT««ii 1 Bit^Ss-- 
tl±©iai-4 9, mi lc^i-4 

tt^gPl 1 0©**95(£^&£ft*:Sri 5 7-951 1 4 
II 5 7-951 1 4(D^-Jl(C^$tufc^2 5 7- 
951 0 8 ifc-£tf±955 7-;l 1 7jWgj&£Jl8. &L± 

<D-7v-t**&x. muc^^ixsffi^^— y-'i 0 0 

[0 0 5 2] (■9 # /W^©«3t) ttrSB©«Jt7*P*^k:. 30 
'J:9#fe*u*iB5«3tu— ?1 0 OfcHl.l fc^-f. 01 
(4, EI2<DA-AiHtc?So-C«J»rL^i»rffiiat?*>5o EI 
2(4, HlU:**ixSffi«3ti — f lOOt u— T)t 
©mttPlc^|6]i-5{|!ld»b^fciFffiw|l95Sr«^)fc* 
i-ni-efcs. 1214 iaii^$n5±95 5 7-i 1 7 

*r#*i-5JK 2 S 7-951 0 8»#©*fc*:ISrB5BI-e*> 

[0 0 5 3] ESSftV— ^ 1 0 0 (4, tt^95 110^ 
tf*^S 1 2 0 10 1 ±lCjfc/$$*b, #Jg ; 

#1 2 0(4T95 5 7-1 0 2, Sfflil 0 3., *54tf± 40 

9557-1 1 7 nmmzftxMf&ztix^^z* .mwpi 

I0©±ffi(d(4, &tm§&k<D-&&frht£Z>±MmM\ 
1 3*s^$ttTV>5.. *fc, 1 0 1 »£*SV> 

T, *t5$gl 2 O^MJhtv^Itltloii: 
14, &ty/W=7At©-£-&a>ibfr3T9Sll^l 1 5* 

[0 0 5 4] ±95 5 7—1 1 7(4, % \ 5 7-95 1 1 4 
*=4tffi2 5 7-951 0 8Sr^^»fife$tu5i.Hl 5 7 
-951 1 4 (4&4K95 L 1 0©«Mfc«fc»J*3iV 312 5, 
7-951 0-8. ttllll 57-951 1 4 so 
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Ml 5 7-951 1 4(4^2 5 7-951 0 8 4 t) t>S#t^ 
Jfcl 5 7-95 1 1 4*34^2 5 7-951 0 

8(4, mft<Dmm-7v±xK£ , o. imtomyai 1 7 

afrbMrfLZtitchox-hV. y^fttt, mi^frJi 

1 1 7 x^J:t;i2^€l 1 7y(D2i©»5 2 
5^T£51K«Ji£*VT^&£ftT^5 0 *H(r4 9, 
fill 5 7-95 1.1 4*34^2 5 7-951 0 8(4, JBSt 

m&gfrz 2mm<z>Kktm, m i 1 1 7 x *j4 

U ! S2fi#ill7y) *5f^©tf 

04(4^2 5 7-951 0 8(D»fSDSr^bfcl> 03 
H 5 7-951 1 4(4, ^2 5 7—951 0 8© 
o h&c±.mx-hZ5.tt&mW5 1 0 4 ©SIJ¥*S*SS 1 

2 0 fcfl*J«3HSjeffi8©»* X © 1 /4 (^^^Ht: 
i^395# (BQ951 0 4 b) SrWiM&Sr&yvc, f 257 

-95 1 o 8 1 mimm^mmm^'tio 

[0 0 5 5] II 5 7-951 1 4*540?I2 5 7-951 

0 8 *mm-z& ifm#m 1 1 7 x*54u<sis2¥3i# 

Jf 1 1 7 y (4rE:tum, OT&Lfc¥i».fltf#flSS.l 1 7 a 

(dsitsJvi^M.i i.7a xtskim2$mitmi 

17 a y bfc/J5oT, 1 1 1 1 7 

x *J XTtm 2 ¥»#Jf 1 1 .7 y tt-tih^hfr 1 
117a xtJiUtf 2*iftl l 1 7 a yiBttK, 7* 
7 v ^sat*fl=**ite.-t-fflWS:* U A^ol l 

1 1 7 x \±% 2 1 1 7 y 4 *>' feJBUr*#*# 
\>\ A##nc(4, H4 (c^i-4 5 IB 1 1 1 
7 x *>4tfSg 2 ±N»^cJB 1 1 7 y tt^i"Jvt>#«* 1 2 

o i .©.i /a <Dmm *g u, 

^rtv^pSA 1 o. 2G a 0 . 8A s *34l^p §>A 1 0 . gG 
a o. lA s A>.P>&5o . 

[0 0 5 6] ±95 5 7—1 1.7(C(4, W> 1 5 7 — 

95 1 1 4 2 5 7-95 1 0 8 iZfrtfXi&m.~fZ>B:&t 

mm&m 1 o 4^^$^t^5„ RMmm&m 1 o 4 
f4, Rzf7y?fcto&ft*miz.ir®:W-*my. *<o±m 

951 0 4 b*s^$tbTV^5. fltxBLfc45(c, 
PS« 1 0 4 (4*S^§ 12 0 fcJB]®£;h,a£fflfc©a£* 
l©l/2©^Jf:S:5frL, ED9S 1 0 4 b tc*3^T(4SulE 

0 4(4, M»bfc4 5(-, ±«S7-l.l,7«:i*t5 
^ic©« 1 1 1 7 x *54tf Jg 2 1 1 7 
y ©5 *>'>£< i.t> lS^e^^tt-c^^ttfc 
fcS. 01 »C^Slt5ffi^7tU— !fl 0 0 (C*JV^T(4, 
±95 5 7 - 1 1 7 ©S±€}c^$.irfcl 1 1 

1 7 x ©J^ffSrftfKiS* J. © 1 / 2;©^J¥(cir5 r. t (c 
4 0 , ^Slt*^Se. l 0 4.5r^ L-tcWrB-^ Utv 1 
5. ...... . 4 . , ,;, 

[0 0 5 7 fcJB 1 5 7-9l i' 1 4 (4-- ^if*jMSA 1 0 
4 Sr*4i-.«.|!fl» 1 0 4 b^tfi i"^i5*>,. 115 7 



i 
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-§8114 14, Kit^fiSS 104O5 -hf^m^l/A 
-ehz&frZ'ssho 3g2 $7-§6i o 8tefcMm 

ISSSl 0 4©5*>Bflg&l 0 4 b i"^iP*> 
KI^USS 10 4©5 *>B£I*# * / 2 T-fcS§l5^Sr-^ 
tfo B^L^i?^ Sgl 1 4*54tf|g2 =• 

7-§p i o 8 K&^xRttmm'km 104 &i&< §b#i4 

[Sis"l5l#©Ji«3i£*r3 r i ill 5 1 
4©JS£J¥f4, $2 57-SB1 0 8©JKJ¥49 t.X/4/h 

[0 0 5 8] £12 5 9-g51 0 8\a*m,Wi$i*& 

II 1 l^^$tutw5 0 ' ffi«^«i 1 i©rtS 
(4, Klt^flSJf 1 0 4 ^^^^fcGflgB 1 0 4 b COS 

4?it>*#<&54 5^/&£nT^£©#a;£L<,\ £ 

fc, 111 ©f'fri PflgB 1 0 4 b CO<P'bt © 

Sggf 14 1 5 ^ n yfilrt t^Srt a 5 M * b < , MMIfe^ 
fill (Dtp-bbWU 104b <D$><&&— ffcLTI^3 ^ 

[0 0 5 9] (x'M*co»jfE) *lli£<o^flg^*^5 
I^tu-f 10 0 co-^W^SJ^Sr^Tf-^-t-o 

[0 0.6 0] 7- 1 1 7, 1 0 3, *S4tf 

T§B5; 7— 1 0 2ti^$fl/5 p i n^tr KIC, ± 

nnmi 1 3irasfl;^i 1 5 txm.^<om.s.^M 

ffittil0 31^t, ^PiiE?Li©Wfe3- 
fcfttfS±S3 5 7-11 7tT§15^ 7-1 0 2t <Dffl*& 

n^Ml 1 3<D|Mjn&51 l : 6^f.'M*SSl 0 llw** 

[006 1] (#ffi*5J;r/^)*) *jimco^lc 
353=3*; u— !f 10 0 *> i^co^5t*jfe«c:*5^ 5 

[0 0 6 2] (1) £i\ JI1-S9HB1 14'©*±Ji 
Writ's H7tKlt*iiaEJi 1 0 40|H»1 04 b ©B!J* 
t (Hi7#J») $ra*^KL-C, ftfi£Lfc7*n 4 
■oXm 1 »C*i-ffi383t'^— f 10 0t fwH36©S3§7fc w~ 
1ffc»a'u*:*frt*s»tS» # bj"ufcE3*7t if cog 

it^asse 1 0 4 coiQgfu 0 4 b <omw- tiVfis? 

— #|S 1 l : 4«DRlt* (%) ircoil^Sriai 8 t^-f- 0 0 
1 8 14, tfr^Lfc7*o-fe^fc'J;'o-c; ^©SlSSr*"*" 
skW^MWSEJBi o'4Sr, ^s'^v-^ir JzoTiagBl 0 
4 b coglff t & mWfc& A. CO 0 ~ 3 / 4 I:: 3 4 5 » 

0 Onmi l/T, ^l^fH 1 7x, ^2^*S 

1 1 7 y, *Jj:tfBBW*SHWl 0 4 Lfc*fr 
©*§*&*;*% 

[ 0 0 6 3 ] El 1 8 Sr#R8i-5 £ , fiJtWKSJi 1 0 4 
cODOgBl 0 4 bcoMff t # miieS* A- © 1 /4t*fc5f 
Elegit*****)*:* < fc*. — *i stiBJKJ? t 2SfufE 
jgft A. co 1 / 2 ■cfcStfr&KSW**** W § < * 5. 



(8) 

~r-t\ WIEBtJ¥f = l/'4*iJ:tJ«A./2 4:45#iSH: 
&M?M4£ is M U ItrfEilJS: t = x / 2 

W5fil"*5V^-Ctt, HDgP i 0'4 b ©JgU? t <Di$.tf£itir% 

t, DDSe i 0 4b co^/p: t%: X/ 2 \cMf$LirZ> is 5 
HflgBl 0 4 b©BWt : «rW8B«ftl/4-K?gia"r50K 

jt^-c, 3i s/^>-yco^co$!iffli^fflSt-efc5) r. t 

0kVr ( (2n-l) X/A) ^fattm Z \Z&&-t 5 IS 
DDgB 10 4 b ©^ff t JrS7"7 yj/©KSt^# 

[oo64] *mm<vmm\- wtzM&yt^wmm 

■Cfc5S*t*^SJgl 0 4 aSr3iy^^^i-5it»-J; 
9> Slt*PSei 04©±®lc: x A/4©)KJ¥Sr ; t-t- 
5DD951 4 0 b'tf&jft&fLS. Lfc^oT, ^~ y ^y^ 
20 cO^I'*Jlt5ffilffiI* s ^-^fcS^ife, ^it©^©-^— v 5 

P-fe^lcJ; 0#f)ti«)t l/- -^'©Mat^T. NSrffi® 

[00 6 5] ( 2 ) *mt©»t»K:d»!6»5ffi«* ^— 

I 0 OlCjo^T, mi 57-gBl 1 414, */4©BI# 
Sr*i-5MSP1 o 4 bSrg-tf. ^2 5 9-§PlO 
8 14, Slt^PSg 1 0 4 KJol^T A. / 2 ©^ffSr^rf 

EI 1 8 lc^i-«t 5 fc, ..Slt^PISS 1 0 

so 4'©Bw« s A./4T»*>«»5^; %mmm*x/2x*h 

II 0 4KJ3V^-CX/-4©JK»Sr* % t-5»^*'&tf*l 
5 y -Si 1 1 4 14, 10 4 C*5^tX/2 
©flB»**i-5«S»*r*tfJB 2 ^ y-m 10 849 t>R 

t\ 

[0 0 6 6] tS^W—1flw*5^Tl4, — ^IC, KStS 
©Stt^^/J^ $ < % 5 IS if is-lf&mm Z<9\Z<<te 

8 <offiJ§&l4^ 1 5 7— SB 1 14 ©«S^4 9 t>K*W 5 'h 

[006 7] tr^-C, SSE^SSr«lx5ffi 
^7t^-1fT?l4, u-f-'^S^Ic*5V>-C*SI§rt©7t 
14, SI*^IcOrtSd 2 (BI1#RS) rtld#ftLT^ 
5„ ^rL-C, u- f-'©ft^S5r*#<i-5fc»lci4, 

^«E^^©rt@d2S:?C#<-r2)t^/^«l ; E-- 
so ^i-5©lc*fL, KT3Bfi-t-53t©3t3Mt 
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b k> t* ^fl;*^^ © d 2 ©*I-J1 * 9 5 o 

[0 0 6 8] if.%m<r>WM\z.t^^%%^— f\ oo 
©£5(^ Jgi ^ 7-an l 4<D@di*mi51t^Si . 

0 7 b CDH d2<fc 9 /J"*. < "f ixtf, W^/Mf^t- KT* 

2 5 7-g&i o 8 io 

So 

[0 0 6 9] ftfc»'*fc.fc5fcv. fc2$-?--»i 0 8© 
125 7-§B 1 0 8 ^a-f-S^/V^*- KT*% 

• [0 0 7 0] r©fc#>, *!6MEO»tlfiK:*»i»Sa5»*v«' 
-If 1 o o Kzjov^-ai, t^^SS*— K© Ts—fftWL*. 
»W-t-Sri^Tf#*oip, msm*F/f©F*9*2d 2 £:*: 

# < -r 5 d t t j: o t is a ^ u & 0 s *§■ -e h *s> 

K© v— !f38tB««t.*,»$ r t 3. 20 

[00 7 1] .(£ z©l**©»tt) 

(7->W7.©fltit) l§19tt> *$8W©Jfl2©||;te©0fSv 
Kd^Sffifgftu— !?2 0 0 Sr^S^tc^-f-Wfffiig-Cfc 
5 0 

•[00 7 2] fS.2 ©Hm©^t®^*>*>5 ®f§# U— if 2 
0 0 W\ Klt^PgJI 2 0 4 *S±?B 5 5-217 <D»± 
Ji*»?>3#BK»fi8$*uTV^aitSr»*» JSl©*K- 
©ii!^>^5II8)tw-f 1 0 0 t Jtl?ID#©1t^;S: 

[ 0 .0 7 3 ] *$afc©Jg«fcJ&»]6»5ffi»3teV-lF2 0 0- 30 
tC*5^Tfi, Rlf*iti2 0 4±(C, 1 1 . 

{Wl 1 1 7 x *S £Tfm 2 ¥$^11 1 7 y *S 1-<T^S. , 
KffimZftX, J:gB5 7-2 1 7*S^$tb5o 

sit*p»«2 o 4tt*±e*>fe3sa^j*$H . 

5^1 ^fleJI 1 1 7 x ©Kff Sri *ffi3§2 2 0 
&-f-5 £&&©&« X © 1 / 2 - t Kl J: <0 ■ 

[0 0 7 4], (f*/<W ^©iSat^n-fe^.) Jj?2©Hi£© 
^ISlcd^iSffi**^— U*2 0 0 ©Si6#ifcf4, JB-l © 

— t\ 0 0 ©S^ISI^^T, 2 5^7©f 1^ 
Si l 7 x*$J:t«B2*MMWi.l l 7 y©*±Ji*rBat 
*NSJ|1 0 4al;I#Mt«t5i*»)t, 2 6 
-?T©S& 1 ^MlttS 1 1 7 x *S«fctfS8 2 1 1 7 

*JbJi 3 Jf 1 ©JfS 1 ^HlttJft 1 1 7 x £r sufEftft Jfr 
.© i/2©)KffSr*i-5Slt^Se.2 ; 0 4;K*#&x- 

xj^fife l . wt\, \xm e kswaws* u*-u* i o o ©siiti 

I®tC*5^T, ±Ui 7—2.1 7©±ffi^feSW*^|i so. 
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12 o 4©ii^T*^s/5 1 >-^-f s 0 EUr.te.fctK tuffi 

St* A.© l/4©fltffSr*-r5IH»2 .0 4 a Sr. SSt* 

mfiji 204 a. r r x, Kit^fUSS 204 

1 ^701.1 ^rflcjB 1 1. 7 x tsxim-2 

mi 1 7 yi>mi&z)?ix^z.z. kfrt>, &Mmmmm2 

0 4 \zmU 2 0 4 a.BjJts: tit.J: t> , 1157- 
gB2 1 4 ijg25 7 -SB 2 0 8 i©Mff©Mf±3 X/4 

IS?t^— fl OO..i»fSRl«"T?*)5. «t^T, 

[0075] tfs<4 ^©ft^ 4tUB*s J:tf8&*) * 2 
©^t-*»*»5ffi5l3t t'-— *F 2 0 0 ©ibf^ti, ; JB l ©31 
tt0$ftKft»a>«9JB3fci'*-1f i o o©tbl^i:'p*-e*> 

. [ 0 0-7 6 ] .jR 2 ©HJ6©»«gtcd^5B?63tv 
— T2 o oo^*jj:t«6*r±» mi.©lik©^t-/&> 
^sbp**^— 1 1 o o ©f^fflfe j:^*:^ mzmmx 

[0 0 7 7] fSS2<Dm&<pi&mzfrT!>>Z>m%ytU-- if 2 

•jf i o o iibttUT v RitfMl»B2 a4^J;..5iSH4Ji 

1 o 3tfi^fio.»-^$*tTVN5.fcj6 % mfimnmm 2 

0 4^S'I4S1 0 3|iV^.5^i*SrJ;t)^:#>>t©ti- 
2) i t 5 0 -?-j&*?*>, EM^fM&JB 2. 0 4 Cio 
T«l 5 7-SI52 1 4 irf 2 5 7-^2 0 8 t©|B]©K 

K-e»iRi-« k— if %<r>$tm*$»m-rz> z. t &x* 
[0078] m3<D,mrn<amffi) - . 

(7*/V 7©«it) la 1 0 J4, #$gW©SS 3 ©3116©^ 

mcd^&SXX^— 3 o o £*a#jfcsrt-*ffiig-c 

.[0 0 7 9] ffsoniko^iDc^ssxxi^-ifa 

0 o is i.©sas©7tWwa.»a»5ffi*#y—-!f 1 o o 
kmzmmvffij&zfi-rzfr. ±^57-3.1 7^m^. 

2 5 7-SB 3 0 8 &m&.#S 10 6 Sr^tf^T'ffi 
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